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Abstract 

Purpose: We evaluated the post-operative pattern of prostate volume (PV) changes following prostate brachythe- 
rapy (PB) and analyzed variables which affect swelling. 

Material and methods: Twenty-nine patients treated with brachytherapy (14) or combined brachytherapy and ex- 
ternal beam radiotherapy modality (15) underwent pre- and post-implant computed tomography (CT). Prostate volume 
measurements were done on post-operative days 1, 9, 30, and 60. An observer performed 139 prostate volume (PV) meas- 
urements. We analyzed the influence of pre-implant PV, number of needles and insertion attempts, number and activ- 
ity of seeds, Gleason score, use of hormonal therapy and external beam radiation therapy on the extent of edema. We 
computed a volume correction factor (CF) to account for dosimetric changes between day 1 and day 30. Using the cal- 
culated CF, the dose received by 90% (D 90 ) of the prostate on day 30 (D 90 Day30) was obtained by dividing day 1 (D 90 Dayl) 
by the CF. 

Results: The mean PV recorded on post-operative day 1 was 67.7 cm 3 , 18.8 cm 3 greater than average pre-op value 
(SD 15.6 cm 3 ). Swelling returned to pre-implant volume by day 30. Seed activity, treatment modality, and Gleason score 
were significant variables. The calculated CF was 0.76. After assessment using the CF, the mean difference between es- 
timated and actual D 90 Day30 was not significant. 

Conclusions: We observed maximum prostate size on post-operative day 1, returning to pre-implant volume 
by day 30. This suggests that post-implant dosimetry should be obtained on or after post-operative day 30. If necessary, 
day 30 dosimetry can be estimated by dividing D 90 Dayl by a correction factor of 0.76. 
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Purpose 

Prostate cancer is the most common non-cutaneous 
cancer in men. According to the most recent SEER data, 
217 730 men are estimated to have been diagnosed with 
prostate cancer in 2010 resulting in 32 050 prostate cancer 
related deaths [1]. Transperineal interstitial prostate implant, 
either by itself or in combination with external beam ra- 
diotherapy (EBRT), is a well accepted treatment modali- 
ty for men with low and intermediate risk of disease. Data 
have shown that appropriate patient populations treated 
with prostate brachytherapy have improved biochemical 
relapse-free survival (bRFS) as compared to patients treat- 
ed with radical prostatectomy (RP) and EBRT [2-5] . Com- 
puted tomography (CT) of the pelvis and transrectal 
prostate ultrasound (TRUS) are central to the evaluation 
and management of patients with prostate cancer. Pelvic 



CT is often recommended for staging patients with a risk 
of pelvic lymph node involvement greater than 20% [6]. In 
addition to being a part of the staging work-up, CT is used 
in determining post-implantation seed placement and in 
calculating the dose delivered to the prostate and to the 
structures at risk [7]. TRUS is generally used to assess pre- 
implant prostate volumes as well as intra-operative place- 
ment of radioactive sources. Trauma from brachytherapy 
seed implantation is associated with a significant increase 
in prostate size which may affect post-procedure dose vol- 
ume calculations. If the post-implant CT used for dosime- 
try calculations is performed shortly after the procedure, 
the calculated delivery dose may appear suboptimal. Wa- 
terman et al. performed pre- and post-procedure serial CT 
scans on 10 patients who underwent either palladium- 
103 or iodine-125 prostate seed brachytherapy. The study 
showed a mean 1.52-fold increase in prostate volumes, rang- 
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ing from 1.33 to 1.96. Edema was most notable on the first 
day after the procedure and resolved exponentially with 
time. Mean edema half-life was 9.3 days (range 4 to 25 days). 
Edema had a significant impact on 7 of 10 patients' post- 
implant dosimetry [8]. Other authors have examined post- 
implantation edema's dosimetric effects using CT, ultra- 
sound, and magnetic resonance imaging (MRI); many have 
proposed methods for the correction of dosimetric dis- 
crepancy due to prostate swelling [9-21]. Current guidelines 
from the American Association of Physicists in Medicine 
(AAPM) advocate that in 1-125 seed implantation, dosimetry 
should be calculated 1 month (± 1 week) after implantation 
to allow for resolution of edema [22]. Despite its limitations, 
CT continues to be the most commonly used imaging 
modality for obtaining post-implant dosimetric calculations 
within the community setting. In addition to the debate over 
imaging modality, the factors which influence edema are 
not well agreed upon by the research community. Thus, 
further research is warranted to elucidate relevant factors 
for post-implant prostate edema and resultant effects on 
dosimetry. 

This study was designed to track the pattern of edema 
resolution over time, evaluate the extent of prostate 
swelling following 1-125 seed implantation, and examine 
the effects of several treatment-related variables on mag- 
nitude of edema. We analyzed the effect of prostate volume 
changes on post-implant dosimetry and proposed an un- 
complicated correction factor to estimate the change in 
dosimetry between day 1 and day 30. 

Material and methods 

Patient enrollment 

This study was approved by the Institutional Review 
Board. Between February 2006 and December 2006 we en- 
rolled 37 patients. Eight patients did not have sufficient fol- 



low-up, so 29 were included in the preliminary analysis. 
Patients received either brachytherapy alone or a combined 
modality approach with PB and EBRT in a non-randomized 
fashion based on the clinical stage, Gleason score, and 
prostate-specific antigen (PSA) level. Patients with a Glea- 
son score of < 6 and PSA of < 10 with no other significant 
risk factors were placed in brachytherapy alone. For patients 
receiving EBRT, sequencing of brachytherapy and EBRT was 
based on the patient's preference and schedule availabili- 
ty. Fourteen patients were treated with brachytherapy alone 
(Group 0) and fifteen patients received a combination treat- 
ment. In the combined modality group, seven patients un- 
derwent prostate implant immediately following comple- 
tion of EBRT to 50 Gy (Group 1). The remaining eight 
received EBRT four to five weeks after the procedure 
(Group 2). In addition to radiation, five patients from the 
three groups received hormonal therapy three months 
prior to receiving brachytherapy. Patients in groups 1 and 
2 were statistically similar in their averaged Gleason and 
PSA. Patient characteristics are listed in Table 1 and the gen- 
eral management schema is illustrated in Fig. 1. 

Prostate volume measurements 

Pelvic CT with urethrogram was used for all prostate vol- 
ume (PV) measurements. The urethrogram was performed 
by inserting the tip of a syringe containing a radio-opaque 
contrast material into the urethral meatus and injecting 10 cc 
of contrast into the urethra. The prostate apex was marked 
1 cm above the urethral beak [21]. The prostate was outlined 
on each 3 mm CT slice by a single observer and prostate vol- 
ume was computed automatically. All patients had a pre- 
implant prostate CT with urethrogram prior to the proce- 
dure. Post-brachytherapy serial PV measurements were 
done on post-op day 1 (PV1), day 9 (PV9), day 30 (PV30), 
and day 60 (PV60). 



Table L Summary of patient and treatment charac- 
teristics 



Average Gleason score 


6.6 


Average initial PSA (ng/mL) 


6.4 


Average number of needles 


15.4 


Average number of needle 
insertion attempts 


20.2 


Number of seeds 


65.4 


Average activity (mCi) 


0.4 


Hormone ablation therapy 


Yes -5 
No -24 


Number receiving EBRT 


15 (52%) 
Group 1 (EBRT followed 
by implant) - 7 
Group 2 (Implant followed 
by EBRT) - 8 


Average EBRT dose (Gy) 


47.6 



PSA -prostate-specific antigen; EBRT "- external beam radiation therapy; Group 0 
- PB alone; Group 1 - PB after EBRT; Group 2-PB followed by EBRT; n/a - not 
available 



37 patients enrolled - 8 (insufficient follow-up) 
= 29 patients analyzed 



Group 0 
prostate 
brachytherapy (PB) 
alone (N = 14) 



PB + external 
beam radiation 
(EBRT) 
(N = 15) 



Group 1 
PB after 
EBRT 
(N = 7) 



Group 2 
PB followed 
EBRT 
(N=7) 



PB - prostate brachytherapy, EBRT - external beam radiation 
Fig. 1. Overview of treatment 
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Determinants of PV change 

The influence of several variables on post-implantation PV 
was examined using univariate analysis. Non-parametric tests 
were used to compare the serial data. The variables includ- 
ed in the analysis were the following: 1) pre-implant prostate 
volume; 2) number of needles used; 3) number of needle in- 
sertion attempts; 4) number of seeds; 5) seed activity; 6) Glea- 
son score; 7) hormonal ablation therapy (HAT); 8) EBRT. 

Dosimetric calculations 

The quality of an implant was assessed by determining 
the dose received by 90% of the prostate (D go ). Dg 0 Dayl and 
D9 0 Day30 were computed using prostate contours delineat- 
ed from scans taken on post-op day 1 and day 30, respectively. 

A volume correction factor (CF) was calculated for each 
patient as a ratio of their prostate volume measured on day 
30 (PV 30 ) to that on day 1 (PVi) . 

CF = PV 30 /PV! (eq. 1) 

The estimated D 90 Day30 (eD 90 Day30) and the average 
estimated D 90 Day30 (ED go Day30) were calculated by di- 
viding DggDayl by the individual's CF as well as the study's 
mean CF as illustrated in equations 2 and 3, respectively. 

Estimated D 9n on Day 30 (per individual): 
eD 90 Day30 = DggDayl /individual CF (eq. 2) 

Average Estimated D90 on Day 30 (per individual): 
ED 90 Day30 = D 90 Dayl/ average CF (eq. 3) 

D 90 Dayl and ED 90 Day30 (from equation 3) were com- 
pared with eD 90 Day30 (from equation 2) using the Sign test. 

Statistical considerations 

This is an exploratory, hypothesis-generating study to 
find a model which simulates the dose received by 90% of 
the prostate (D90) on Day 30. Data were summarized and 
non-parametric statistical tests, sign and Wilcoxon rank-sum 
tests, were conducted to compare the relevant variables. 

Table 2. Mean change in PV and IPSS over time 



140 i 
120 - 




20 



0-1 1 1 1 1 1 

PV 0 PV, PV 9 PV 30 PV 60 

Measurement time 

PV - prostate volume 

Fig. 2. Pattern of prostate volume changes over time in indi- 
vidual patients 

Univariate regression analysis was performed to test the re- 
lation between different variables and the change in pro- 
state volume one day post-implantation. All reported P val- 
ues are two-sided and values of 0.05 or lower are considered 
to indicate statistical significance. 

Results 

Pattern of prostate volume change over time 

A total of 139 PV measurements were obtained. Prostate 
size increased by an average factor of 1.44 ± 0.37 at the time 
of maximum swelling, which occurred in the immediate 
post-operative period. The mean prostate volume record- 
ed on post-operative day 1 (67.7 cm 3 ) was 18.8 cm 3 greater 
than the average pre-op value of 48.9 cm 3 (SD 15.6). 
Prostate swelling gradually subsided over time. At one 
month post-implantation, the difference between pre- and 
post-operative prostate volumes was no longer significant 
(Fig. 2, Tables 2 and 3). 



DayO Dayl Day 9 Day 30 Day 60 

Mean PV (cm 3 ) ± standard deviation 48.9 ± 15.7 67.7 ± 19.2 59.8 ± 16.7 50.8 ± 14.7 44 ± 9.9 

Ratio of mean PV X to baseline (PV 0 ) 1 1.38 1.2 1.03 0.89 

PV - prostate volume, PV X -PV on day x 

Table 3. Mean difference in prostate volume change from days 0, 1, 9, and 30 to later measurement 
PVi PV9 PV30 PVeo 

PV 0 +18.8 ± 15.6 (p < 0.0001) +11.2 ± 11.9 (p = 0.0003) +1.86 ± 10.7 (NS) -2.7 ± 9.8 (NS) 

PVj - -8.1 ± 9.0 (p < 0.0001) -17.2 ± 11.1 (p < 0.0001) -22.9 ± 16.6 (p < 0.0001) 

PV 9 - - -9.2 ± 7.1 (p = 0.0005) -14.3 ± 11.5 (p < 0.0001) 

PV 30 - - - -5.1 ± 8.6 (p = 0.01) 

PV - prostate volume, PV X -PV on day x , NS-not statistically significant; "+" indicates increase and "-" decrease with respect to the PV on days 0, 1, 9, or 30, as indi- 
cated in each row 
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Figure 3 is a regression fit graph representing the rela- 
tionship between the pre and post-implant prostate volumes. 
One can estimate a PV on a given post-operative day by plot- 
ting the pre-implant value on the x-axis and tracing the val- 
ue to the regression line, and reading off the expected value. 

Determinants of prostate swelling 

We examined several factors and their influence on the 
degree of prostate swelling. Using logistic regression ana- 
lysis, we assessed which variables lead to a greater than one 
third increase of the initial prostate volume one day after 
the implantation. Our results indicate that seed activity 
(< 0.4 vs. > 0.4 mCi), treatment modality (brachytherapy 
alone vs. combined modality), and Gleason score (< 6 vs. 
> 6) were statistically significant variables with respect to 
prostate edema (p values = 0.02, 0.02, and 0.046 respectively). 

There was a tendency for higher seed activity (> 0.4 mCi), 
low Gleason score (< 6), and treatment with brachythera- 
py alone to be associated with a greater change in prostate 
volume. Within our study, the low-risk group patients met 
all three of these conditions. Patients with low-risk disease 
(as determined by Gleason and PSA) were implanted with 



higher activity seeds and were found to have an average 
prostate swelling of 24.8 cm 3 , compared to only a 13.1 cm 3 
volume increase in patients implanted with lower activity 
seeds (p value = 0.02). None of the remaining factors such 
as pre-implant prostate volume, number of needles and in- 
sertion attempts, number and activity of seeds, use of hor- 
monal therapy, or the sequencing of EBRT were found to 
be significantly correlated with the degree of prostate ede- 
ma one day after the procedure. 

Influence of prostate swelling on dosimetry 

The individual's volume correction factor was calculat- 
ed as a ratio of PV30 to PV1 as described by equation 1 
(CF = PV30/PV1). The mean volume correction factor was 
determined to be 0.76 ± 0.21. For each patient, an estimat- 
ed Dg 0 Day30 value (eD9 0 Day30) was calculated using the 
individual's CF and the mean CF, as illustrated in equations 
2 and 3, respectively. 

The discrepancy between the day 1 and day 30 dosime- 
try was significant with the calculated ratio between day 1 
and day 30 dosimetry (Actual DggDayl /Actual D 90 Day 30) 
found to be 0.7117 (p = 0.0078) (Table 4). Using our proposed 



Regression line to show 
the changes in prostate volumes between 
day 1 and day 0 
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Regression line to show 
the changes in prostate volumes between 
day 30 and day 0 
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Regression line to show 
the changes in prostate volumes between 
day 9 and day 0 
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the changes in prostate volumes between 
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Fig. 3. Correlation between pre- and post-implant prostate volume on post-operative (A) day 1, (B) day 9, (C) day 30, and 
(D) day 60 
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CF, we next compared the mean estimated Dg 0 (EDg 0 Day30) 
to the actual D 90 for day 30 (D 9 oDay30). This yielded a ra- 
tio of 0.9365 (p = 1.000, NS) for all patients. Our CF was there- 
fore successful in accounting for the effects of edema on 
day 1 dosimetry. 

Discussion 

The pattern of edema resolution shown in our study is 
consistent with previously published reports. The timing 
of PV measurement was chosen based on published data 
regarding edema resolution pattern. The preponderance of 
data suggests that edema half -life is 8-10 days on average, 
returning to pre-implant size by day 30 [8-21]. Our results 
pertaining to the prostate edema resolution pattern are sim- 
ilar to previously published data. The results are also con- 
sistent with current AAPM recommendations which sug- 
gest the use of post-implantation CT at day 30 to allow for 
resolution of edema [22] . 

Waterman et al. also determined the edema half-life to 
be 9.3 days (range: 4 to 25 days). Edema had a significant 
impact on 7 of 10 patients' post-implant dosimetry [8]. 
The post-implant dosimetry was based on CT-based con- 
tours, as in our study. In our study, we found the edema 
half-life to be 17.3 days. Waterman found a positive corre- 
lation between seed spacing and PV, but did not appreci- 
ate any correlation between intraoperative variables such 
as number of needles, radioisotope, number of seeds im- 
planted, and the total source strength. Similarly, our study 
found no appreciable correlation between number of nee- 
dles and number of seeds. In another study, Prestidge et al. 
examined 19 patients treated with either iodine-125 or pal- 
ladium-103 implants [9]. Pre-implant prostate volumes were 
measured by trans-rectal ultrasound, and post-procedure 
prostate size was calculated by serial CT scans on days 1, 
8, 30, 90, and 180. Their data showed that the majority of 
the edema resolved in the first week with very little volume 
decrease observed past day 30. Despite the differences in 
techniques used between this study and ours, the findings 
strongly support that the post-implant edema resolves with- 
in one month. Sophisticated bio-mathematical models 
have been developed based on both edema resolution pat- 
tern and the half-life of the isotope used for treatment 
[10-12,17]. These studies are based on dynamic changes in 
prostate volume and seed location during dose delivery. 
Based on these models, the optimum timing of CT dosime- 
try (to maintain the mean error below 5%) for iodine-125 
is 5 to 9 weeks post-implantation. Dogan et al. did not rec- 
ommend specific timing for CT dosimetry, but confirmed 
substantial improvement in prostate prescription dose 
coverage from 77% on day 1 to 85% on day 28 [13]. Tana- 
ka et al. prospectively studied 74 patients undergoing 1-125 
prostate implant using CT/MRI fusion; dosimetry was per- 
formed on day 1 and day 30. Low quality implants from 
day 1 (with V100 of < 80%) were associated with substan- 
tial edema which improved by day 30 [19] . Ohashi et al. com- 
pared intra-operative TRUS based dosimetry with actual 
day 1 and day 30 coverage and found no difference between 
intra-operative and day 30 target coverage [20] . While this 
may eliminate the need for post-operative CT-based 



Table 4. Mean ratio of actual day 1 and day 30 val- 
ues to estimated day 30 dosimetry and estimat- 
ed day 30 dosimetry to actual day 30 dosimetry 
across all patients 

Ratio p-value 
(sign test) 



Actual D 90 Dayl/Actual D 90 Day30 0.7117 0.0078 




*p values were calculated for actual day 1 and estimated day 30 values as com- 
pared with the actual day 30 dosimetry 



dosimetry in the future, a large proportion of centers have 
not yet adopted an intra-operative planning approach and, 
therefore, must continue to depend on post-implant CT- 
based dosimetry to evaluate the quality of their implants. 

In addition to the resolution pattern of prostate edema, 
we analyzed the effect of several variables on the extent of 
the swelling. In contrast to previous reports, we found that 
those patients who had monotherapy, low Gleason score, 
and higher activity seeds experienced greater edema in the 
prostate gland (p values = 0.02, 0.046, 0.02 respectively). 
When brachytherapy is used as a boost to EBRT, lower ac- 
tivity seeds (0.3 mCi) are used. Patients who received low- 
er activity seeds experienced on average 33% less swelling 
than patients in whom 0.5 mCi seeds were used. These find- 
ings suggest that edema may not be simply a result of phy- 
sical trauma to the gland, but may be affected by the radia- 
tion dose as well. 

Further examination of seed strength as an independent 
variable may pose a challenge given its relationship to 
other factors. Patients with a low Gleason score and low risk 
overall receive monotherapy with high strength seeds; as 
such, it is difficult to assess seed strength, Gleason score, 
and monotherapy as individual factors. Of note, we did not 
appreciate a generalized trend suggesting that the Gleason 
score has an inverse relationship to the degree of edema. 
Our data showed that only the group with Gleason < 6 who 
received high dose seeds had statistically greater edema 
(p = 0.046). These conclusions may be limited by the con- 
ditions of our study. Our study's sample size does not pro- 
vide the statistical power to fully validate these conclusions 
and may be strengthened on further patient accrual. Also, 
the choice of CT imaging to monitor change in prostate vol- 
ume as opposed to MRI increases the likelihood of volume 
discrepancies. Given the prevalence of CT in treatment plan- 
ning and dosimetry calculations, it is important to explore 
areas of improvement in our current techniques. Although 
we were able to eliminate inter-observer variability by hav- 
ing a single radiation oncologist contour all prostate vol- 
umes, we were unable to adequately address intra-observer 
variability, which could result in inaccurate prostate vol- 
umes. 

Another area of concern is that edema may affect the dose 
volume calculations. Prostate dosimetry calculations can eas- 
ily be underestimated when post-implant CT scans are per- 
formed prior to the resolution of prostate swelling. Similar 
to previous studies, we found that edema frequently has an 
adverse effect on implant dosimetry [23]. In the study by 
Waterman et al., edema affected post-implant dosimetry in 
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seven of ten cases [8]. In Prestidge's study, the prostate vol- 
ume covered by the 80% isodose line increased from 
85.6% on postoperative day 1 to 92.2% on day 180 (9). In our 
study, patients had an average D 90 of 83% on day 1 as com- 
pared to day 30. While the discrepancy between the day 1 
and day 30 dosimetry was significant, our method of esti- 
mating the day 30 dosimetry using a CF yielded values that 
were an approximation of the actual D 90 . Comparing our 
estimates to actual dosimetry revealed a non-significant ra- 
tio, supporting this approximation (Table 4). 

While there is consensus that edema in the immediate 
post-operative period negatively affects prostate coverage, 
it is often desirable to perform CT shortly after the proce- 
dure. This allows for faster feedback, but may result in un- 
derestimation of the prostate dose. When it is not possible 
for a patient to return for a day 30 scan, D 90 Dayl could 
be divided by a correction factor to more accurately reflect 
the quality of the implant. 

Conclusions 

We found that maximum prostate size is observed in 
the immediate post-operative period, returning to the pre- 
implant volume by day 30. There were several factors which 
we were able to identify as associated with greater prostate 
edema, namely low Gleason (< 6) score, higher seed activ- 
ity (> 4 mCi), and monotherapy use. We found a significant 
difference between day 1 and day 30 dosimetry; it was 83% 
on day 1 as compared to day 30. This suggests that post- 
implant dosimetry should be obtained at least one month 
after implantation in order to obtain an accurate sense of 
implant quality. This could allow for resolution of swelling 
and avoids the consequential underestimation of gland cov- 
erage. In the event that such scheduling is not feasible, we 
found that day 30 dosimetry can be estimated by dividing 
DggDayl by a volume correction factor of 0.76. Further analy- 
sis of a larger cohort could validate a corrected D 90 value 
that more accurately reflects dose to the prostate than us- 
ing day 1 or day 9 CT-based dosimetry. 
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